A review of the Higgs and neutralino sector of supersymmetric models is presented. This includes the upper limit on the mass of the lightest Higgs boson in the Minimal Supersymmetric Standard Model, as well as models based on the Standard Model gauge group SU (2) L × U (1) Y with extended Higgs sectors. We then discuss the Higgs sector of left-right supersymmetric models, which conserve R-parity as a consequence of gauge invariance, and present a calculable upper bound on the mass of the lightest Higgs boson in these models. We also discuss the neutralino sector of general supersymmetric models based on the SM gauge group. We show that, as a consequence of gauge coupling unification, an upper bound on the mass of the lightest neutralino as a function of the gluino mass can be obtained.
Introduction
The Standard Model (SM) of elementary particle physics, which is extremely successful in describing the experimental data, is based on two fundamental principles, i.e. gauge invariance and Higgs mechanism. From recent experiments it is clear that strong and electroweak interactions are described by an SU(3) C × SU(2) L × U(1) Y gauge theory.
On the other hand, little is known about the mechanism of electroweak gauge symmetry breaking. In the Standard Model, the electroweak SU(2) L × U(1) Y gauge symmetry is broken through the Higgs mechanism via the vacuum expectation value (VEV) of the neutral component of the Higgs doublet [1] , leaving behind a remanant in the form of an elementary scalar particle, the Higgs boson, which has so far not been observed. Apart from the fact that the VEV is an arbitrary parameter in the SM, the mass parameter of the Higgs field suffers from quadratic divergences, making the weak scale unstable under radiative corrections [1] .
One of the central problems of particle physics is, then, to understand how the electroweak scale associated with the mass of the W boson is generated, and why is it so small as compared to the Planck scale associated with the Newton's constant. Supersymmetry [2, 3, 4] is at present the only known framework in which the weak scale is stable under radiative corrections, although it does not explain how such a small scale arises in the first place. As such, considerable importance attaches to the study of supersymmetric In this talk I will discuss the Higgs sector of supersymmetric models. This will include the Minimal Supersymmetric Standard Model, as well as models having extended Higgs sectors, based on the SM gauge group. I will then explore supersymmetric models based on extended gauge groups, e.g. the left-right gauge group SU(2) L × SU(2) R × U(1) B−L , pointing out the relevance of extended gauge symmetries in the context of supersymmetric models, and discuss the Higgs sector of these models.
In supersymmetric gauge theories, each fermion and boson of the Standard Model is accompanied by its supersymmetric partner, transforming in an identical manner under the gauge group. In supersymmetric theories with R-parity conservation, the lightest supersymmetric particle (LSP) is expected to be the lightest neutralino, which is the lightest mixture of the fermionic partners of the neutral Higgs and neutral electroweak gauge bosons. The lightest neutralino, being the LSP, is the end product of any process involving supersymmetric particles in the final state. In this talk, I will also discuss the neutralino sector of the general supersymmetric models based on the SM gauge group.
The Higgs Sector of the Minimal Supersymmetric Standard Model
The Higgs sector of the Minimal Supersymmetric Standard Model, based on the gauge
, so as to generate masses for up-and down-type quarks (and leptons), and to cancel gauge anomalies. The tree level scalar potential of Higgs bosons in MSSM can be wriitten as 
where the second matrix represents the radiative corrections.
The functions ∆ ij depend on, besides the top-and bottom-quark masses, the Higgs bilinear parameter µ in the super-potential, the soft supersymmetry breaking trilinear couplings (A t , A b ) and soft scalar masses (m Q , m U , m D ), as well as tan β. We shall ignore the b-quark mass effects in ∆ ij in the following, which is a reasonable approximation for 4 moderate values of tan β ≤ 20 − 30. Furthermore, we shall assume, as is often done,
With these approximations we can write (m t is the top quark mass) [ or when the squark mass scale is taken to be smaller, the dependence on µ and tan β can be more dramatic [12, 13, 14] .
Although radiative corrections can be appreciable, these depend only logarithmically on the SUSY breaking scale, and are, therefore, under control. In particular, the mass of the lightest neutral scalar is bounded from above: Even if we restrict ourselves to purely cubic terms in the superpotential W , gauge symmetry allows one to introduce two different Higgs self-couplings:
where we have used the notation of Ref. [21] . Together with the corresponding soft breaking terms, there are six free parameters in the Higgs sector, even after we fix the sum of the squares of the VEV's of the SU(2) doublets to reproduce the known mass of the Z boson. Moreover, the spectrum now contains three neutral CP-even fields H i and two CP-odd fields A i in addition to the charged Higgs field H ± .
Because of the presence of the trilinear coupling proportional λ in the superpotential (3.10), the tree-level Higgs-boson self-coupling in the NMSSM depends on λ as well as the gauge couplings. Nevertheless, one can still derive [22, 23, 24, 25, 26, 27, 28] an upper bound on the mass of the lightest CP-even Higgs boson of the NMSSM. Including radiative corrections, one has 
Supersymmetric Models with Extended gauge Groups
The existence of upper bound on the lightest Higgs boson mass in MSSM (with arbitrary Higgs sectors) has been investigated in a situation where the underlying supersymmetric model respects baryon (B) and lepton (L) number conservation. However, it is well known that gauge invariance, supersymmetry and renormalizibility allow B and L violating terms in the superpotentioal of the MSSM [33, 34] . The strength of these lepton and baryon 8 number violating terms is, however, severely limited by phenomenological [35, 36, 37, 38, 39, 40, 41, 42, 43] and cosmological [44, 45] constraints. Indeed, unless the strength of baryon-number-violating term is less than 10 −13 , it will lead to contradiction with the present lower limits on the lifetime of the proton. The usual strategy to prevent the appearance of B and L violating couplings in MSSM is to invoke a discrete Z 2 symmetry
[46] known as matter parity, or R-parity. The matter parity of each superfield may be defined as
The multiplicative conservation of matter parity forbids all the renormalizable B and L violating terms in the superpotential of MSSM. Equivalently, the R-parity of any component field is defined by
, where S is the spin of the field. Since (−1) 2S is conserved in any Lorentz-invariant interaction, matter parity conservation and R-parity conservation are equivalent. Conservation of R-parity then immediately implies that superpartners can be produced only in pairs, and that the lightest supersymmetric particle (LSP) is absolutely stable.
Although the Minimal Supersymmetric Standard Model with R-parity conservation
can provide a description of nature which is consistent with all known observations, the assumption of R p conservation appears to be ad hoc, since it is not required for the internal consistency of MSSM. Furthermore, all global symmetries, discrete or continuous, could be violated by the Planck scale physics effects [47, 48, 49, 50, 51] . The problem becomes acute for low energy supersymmetric models, because B and L are no longer automatic symmetries of the Lagrangian, as they are in the Standard Model. It is, therefore, more appealing to have an supersymmetric theory where R-parity is related to a gauge symmetry, and its conservation is automatic because of the invariance of the underlying theory under this gauge symmetry. Fortunately, there is a compelling scenario which does automatically provide for exact R-parity conservation due to a deeper principle. Indeed, R p conservation follows automatically in certain theories with gauged (B − L), as is suggested by the fact that matter parity is simply a Z 2 subgroup of (B − L). It has been noted by several authors [52, 53, 54] that if the gauge symmetry of so as to answer this question [66] .
We begin by recalling some basic features of the left-right supersymmetric models used in our study. Further details can be found, e.g., in [62, 66] . The quark and lep- 2, 0) . The numbers in the parentheses denote the representation content of the fields under the gauge group The most general gauge invariant superpotential for the model can be written as
From the superpotential, the scalar potential, and the CP-even Higgs mass matrix, can be calculated via a standard procedure. Using the fact that for any Hermetian matrix its smallest eigenvalue must be smaller than that of its upper left corner 2 × 2 submatrix, we obtain from this mass matrix the upper bound on the mass of the lightest Higgs boson in the left-right supersymmetric model:
where g L and g R are the SU(2) L and SU(2) R gauge couplings, respectively, and κ 1 and κ 2 are the VEV's of the neutral components of Φ(2, 2, 0) and χ(2, 2, 0), respectively, with tan β = κ 2 /κ 1 . We note that the upper bound (4.14) is not only independent of the supersymmetry breaking parameters (as in the case of supersymmetric models based on
, but it is independent of the SU(2) R breaking scale, which, a priori, can be very large, and also independent of any R-parity breaking vacuum expectation value. The upper bound is controlled by (κ
) and the dimensionless gauge couplings (g L and g R ) only. Since the former is essentially fixed by the electroweak scale, the gauge couplings g L and g R determine the bound (4.14). Since the right-handed gauge coupling g R is not known, the upper bound on the right-hand side of (4.14) comes from the requirement [66] that the left-right supersymmetric model remains perturbative below some scale Λ. The resulting tree level upper bound is shown in Fig.(3) . 
The Neutralino Sector of Supersymmetric Models
In supersymmetric theories with R-parity conservation, the lightest neutralino is expected to be the lightest supersymmetric particle. In MSSM the fermionic partners of the Higgs bosons mix with the fermionic partners of the gauge bosons to produce four neutralino 
thereby resulting in the upper bound [67] We recall that, as a consequence of the renormalization group equations (RGEs) satisfied by the gauge couplings and the gaugino masses in the MSSM, we have ( 17) where M 1/2 is the common gaugino mass at the grand unification scale, and α U is the unified coupling constant. It is important to note that (5.17), which is a consequence of one-loop renormalization group equations, is valid in any grand unified theory irrespective of the particle content. It reduces the three gaugino mass parameters to one, which we choose to be the gluino mass mg, which is equal to |M 3 |. This results in an upper bound on the mass of the lightest neutralino as a function of the gluino mass: [68] . Numerically the upper bound in these extended models can be typically higher than the one in MSSM. 
